A new cassane-type diterpene isovouacapenol E (1) was isolated from the leaves of Caesalpinia pulcherrima, together with the known compounds caesaldekarin A (3), spathulenol (4), caryophyllene oxide (5), phytol, and sitosterol. The structure of 1 was elucidated by spectral data interpretation.
Caesalpinia pulcherrima, locally known as caballero, is an ornamental medicinal plant cultivated throughout the Philippines. A decoction of the leaves, bark, and roots is used to alleviate fungal infections, reduce fever, and cause abortion. It is also used to treat liver disorders and ulcers of the mouth and throat. 1) A number of studies have been reported on the chemical constituents of C. pulcherrima. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] We have previously reported the isolation of four new furanoid diterpenes from the leaves of the plant. 12) We report here the isolation and structure elucidation of another new furanoid diterpene dibenzoate (1) from the leaves of the plant and the known compounds caesaldekarin A (3), spathulenol (4), caryophyllene oxide (5), phytol, and sitosterol. To the best of our knowledge, this is the first report on the isolation of 3, 4, and 5 from C. pulcherrima.
Results and Discussion
The dichloromethane extract of the air-dried leaves of C. pulcherrima afforded the new furanoid diterpene dibenzoate isovouacapenol E (1) and the known compounds caesaldekarin A, 13) spathulenol, 14) caryophyllene oxide, 15) phytol, 16) and sitosterol, 17) by silica gel chromatography. The structures of the known compounds were identified by comparison of their 1 H and 13 C with those found in the literature. [13] [14] [15] [16] [17] 12) The major difference was the presence of a second benzoate and a methylene carbinyl in 1 in place of a methyl group in 2.
13 C-NMR and distortionless enhancement by polarization transfer (DEPT) spectral data ( O 6 , and this was confirmed by high resolution electron impact-mass spectra (HR-EI-MS).
The correlation spectroscopy (COSY) 2D NMR spectrum ( Fig. 1) showed correlations for seven spin systems as follows: H 2 -1/H 2 -2/H 2 -3; H-6/H 2 -7/H-8/H-9/H 2 -11; H-15/H-16; H-17a/H-17b; H-19a/H-19b; H-4Ј/H-3Ј(5Ј)/H-2Ј(6Ј); and H-4Љ/H-3Љ(5Љ)/H-2Љ(6Љ) (Fig. 1) .
The heteronuclear single quantum coherence (HSQC) 2D NMR data enabled assignments of protons attached to carbons, and connectivities were deduced from heteronuclear multiple bond coherence (HMBC) 2D NMR data ( Table 1) . One of the benzoates was attached to C-19 due to long-range correlations between the oxygenated methylene carbon (d 66.9, C-19) and the methyl singlet (d 1.24, H-20). The other benzoate was attached to C-6 due to the deshielded nature of this carbon (d 72.2) and the proton (d 5.63) attached to it. The quaternary oxygenated carbon at d 76.2 was assigned to C-5 because of its long-range correlation with the methyl singlets at d 1.65 (H-18) and 1.24 (H-20). The exocyclic double bond was assigned to C-14 due to long-range correlations of the exocyclic methylene (d 4.85, 5.09) to the methine carbon at d 31.37 (C-8) and the quaternary furan carbon at d 118.8 (C-13). The oxygen of the furan ring was as-signed to C-12 since this carbon (d 151.9) was long-range correlated to the methylene protons at d 2.68 (H-11) and the furan protons at d 6.44 (H-15) and 7.24 (H-16). All other long-range correlations observed were consistent with the structure of 1. Key HMBC correlations for 1 are shown in Fig. 1 .
The relative stereochemistry of 1 was determined by a combination of analysis of coupling constants and nuclear Overhauser effect spectroscopy (NOESY) 2D NMR data (Table 1, Fig. 2 ). The carbinyl proton at d 5.63 (H-6) is in the equatorial position due to small coupling constants (2.8, 3.6 Hz). An NOE was observed between this carbinyl proton and the methyl at d 1.24 (H-20), indicating that this methyl is in the equatorial position. The methyl singlet at d 1.65 (H-18) is close to the methine proton at d 2.57 (H-8), and methylene proton at d 5.26 (H-19b), indicating that they are on the same side of the molecule. No NOE correlation was observed between the methine proton at d 2.46 (H-9) and the C-18 methyl and H-8, and hence H-9 should be on the opposite side of the molecule. The trivial name isovouacapenol E is proposed. Compounds 1 and 5 were obtained from specimen #067, while 2-4, phytol and sitosterol were isolated from specimen #052. The difference in the constituents of the two batches of samples may be explained by the fact that voucher specimen #052 was collected in July 2001, which is the rainy season in the Philippines, while specimen #067 was collected in January 2002, which is the dry season. The change in climate may have resulted in different isolates. Furthermore, in specimen #067 compounds with Rf values similar those of the diterpenes 12) and other compounds obtained in specimen #052 were no longer purified.
Experimental
General Experimental Procedures Optical rotation was measured on a Perkin-Elmer 341 polarimeter, IR spectra on a Perkin Elmer Spectrum One FTIR, and ultraviolet absorption data on a Varian Cary 4E spectrophotometer. NMR spectra were recorded on a Bruker Avance 400 NMR spectrometer in CDCl 3 (400 MHz for 1 H-NMR and 100 MHz for 13 C-NMR). The highand low-resolution EI-MS were recorded on a Micromass Autospec mass spectrometer. Column chromatography was performed with silica gel 60 (70-230 mesh). TLC was performed with plastic-backed plates coated with silica gel F 254 ; plates were visualized by spraying with vanillin-H 2 SO 4 and warming.
Sample Collection The samples were obtained from Metro Manila in January 2002 and July 2001. They were identified as C. pulcherrima (L.) SWARTZ at the Philippine National Museum and voucher specimens #052 and #067 were deposited in the Chemistry Department of De La Salle University.
Extraction and Isolation Air-dried leaves (2 kg) of C. pulcherrima were extracted with dichloromethane to afford a crude extract (125 g). The crude extract was treated with 4% aqueous Pb(OAc) 2 to precipitate the more polar components.
12) The treated extract was fractionated by gravity column chromatography using increasing proportions of acetone in dichloromethane (10% increment) as eluents. The dichloromethane and 10% acetone in dichloromethane fractions were rechromatographed on silica gel with 10% ethyl acetate in petroleum ether as eluent to afford 5 (5 mg). The more polar fractions were rechromatographed (3 times) in 10% ethyl acetate in petroleum ether to afford 1 (3 mg).
From another batch of samples collected in July 2001, 12) 3 and 4, phytol, and sitosterol were obtained. Dried leaves (2.3 kg) were extracted with dichloromethane to afford a crude extract (150.5 g) which was treated with 4% aqueous Pb(OAc) 2 to precipitate the more polar components.
12) The extract was fractionated by gravity column chromatography using increasing proportions of acetone in dichloromethane (10% increment) as eluents. The 10% acetone in dichloromethane fraction was rechromatographed (3 times) in 10% ethyl acetate in petroleum ether to afford 4 (6 mg). The 20% acetone in dichloromethane fraction was rechromatographed in dichloromethane, followed by acetonitrile : diethyl ether : dichloromethane (0.5 : 0.5 : 9), then acetonitrile : diethyl ether : dichloromethane (1 : 1 : 8). The dichloromethane fraction was rechromatographed in 10% ethyl acetate in petroleum ether to afford 3 (4 mg) and phytol (10 mg). The acetonitrile : diethyl ether : dichloromethane (0.5 : 0.5 : 9) fraction was rechromatographed in 10% ethyl acetate in petroleum ether to afford sitosterol (20 mg). 
